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I   N  T  R   0  D  U  C   T   I   0  IT 

Arches   are  classified  by   the   number    of    hinges   v;hich  they 
have.      There   are   three   kinds   of   steel   arches   under   this  head- 
ing,   naKiely:    tliree-hln^ed,    tv;o-hinged  and  arches   -.vith  no  hinges. 
The   hinges   are   situated  in  the   lov/er   chord  at   the   atutnients 
and  crown.      In  the    tv;c-hinged  arch  the   one   at    the   crown  is 
Offiitted. 

The   fors:  of  three-hinged  arch  that    is   generally  used  in 
bridges   is   ccnipcBed  of   a  curved  or  bent   lcv;er   chord  and  a 
horizontal  upper  chord  united  by  vertical   and  diagonal   brac- 
ing  as   shown  in  fig^jre  on  page  fj5.      This   type  is   called  a 
spandrel-braced  arch. 

Another  form  of  three-hinged  arch  is  that    of   an   arch  rib 
with  a  solid  web.      This    is   a  curved  plate   girder   of   unifcrm 
radical   depth  throughout.     The  axie   is   either  paralolic   or 
circular   and  the   flanges   are   composed  of   angles   and  plates. 
Several   of  these   ribs   are  placed  at    ehc^rt    distances   apart   and 
are   connected  by   lateral  bracing.      The   floor  system   is   support- 
ed on  these  by  vertical  posts   which  are  braced  with  sway  brac- 
ing,     I'o   diagonal   bracing   is   used  in  this   type. 
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Comr.on  forms   of    the  two   hinged  arch  bridge   are   the 
spandrel-braced  and  the   arch  rib,    which  are   similar  to 
the   three  hinged   types   of   arches.      The   arch  ribs  may  have 
either  a  solid  or   open  web  in  this   case. 

The   larger  part   of   the   deflection  of   a  three-hinged 
arch  is   caused  by  temperature    changes.      This   can  be   re- 
duced by  making  the   arch  continuous   at    the   crown,    because 
the   tv;o  halves   of  the   arch  are  no   longer   free  rn  at 

that  point.      The   deformation   cf  the   arch,    due   to   changes 
in  temperature,    is  partially  prevented  in    the  two-hinged 
arch  v;hich  produces   stresses    in   t2ie  members.      This   form  of 
arch   is  better   adapted  to  railroad  traffic   than   the   three- 
hinged  arch,    because   it   forms   a  stifier   structure.     This   is 
especially   true   in  the   case   cf   long   spans. 

Arches  with  no   hinges   have    their   ends   be _  the   abut- 

ments  so  that    no   changes   in   direction   can  occur,    which  pro- 
duces  bending  moments   at    the   ends.      This  form  of  ai-ch   i.      "iff 
er  and  has   higher   temperature   stresses   than  other  kinds. 


-r_ 
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Dorlvatlon  of  Formula  for  H 


Let  L  =  length  of  any  member. 
A  rz   area  of  any  member. 

S'=  strees  due  to  vertical  reaotlcn  of  unit  loud 
T  =    "    M   »  unit  horizrr.L  1  reaction 


To  find  the  value  of 
H,  it  is  asoumed  that  the 
hinge  (b)  moves  u-^der  the 
load  P  a  distances  and  la 
brought  back  a^ain  by  the 
force  H. 

Therefore  the  displace- 
ment 4  due  to  P  is  equal  to 
the  (iiapiaoernent  A   due  tc  H« 

Total  work  in  a  member  =  ^  S*  (ef  a'-f-e*) 

e  =•  elongation  due  to  unit  horizontal  force. 
e«r      •      "   "   (K-1). 

Q*—  ■       n    n     p 

The  work  in  any  member  due  to  unit  horizontal  force  s  ^  S'e 

e  :r  TL 

n 

K  r-  i     S'TL 
For  all  -reTTlrers 

A  =     ^    3'TL 

(due  to  P) 


/ 
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V  N._.... 
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If     V     r     stresti    ir.   ci.ny  member  due   to  E 

V        rr        TH 

^i'ork   ir.  ^ny  member     t=     .;    Y^L  (llerrimoris   Strength  of 

f    EA  LlaterialB,      Pa£;e   306) 


V-^L 


-1  ^   V^L 


A     =    ±^~      -         :^    ZIl  (due   to   H) 


:a 

At 


Equating    A      (due  to  P)      to  A  (due   to   H) 
S'TL  .-^  ""t 


AF 


A2. 


H    =^      -f:      ..^ 

AI 

For  the  preliminary  values   of  K  we   assume   cor.istant  valuee   of 
A  for   all  members   which  gives   us   the   equation     T     =     ~^  '-'-'.Iji 
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The  weight   of   steel    in    a  135   ft,    eirnijle   trues 
equals   3.888   kips   1   ft ,    of   bridge   and  the   weight    of 
track  for  specified  loading   equals    ,575    kips   1   ft. of 
bridge.     The   weight    of   steel    in   an  arch  bridge   is   con- 
sidered to  be   less    than  that    of   a  Bimple   truss   of   the 
saffie   span.      The   weight   of   steel    in  t'._,    '^^U  ft.    arch 
bridge   was   assumed  at   3,4£5   kips   1   ft. of  bridge.      There- 
fore  the   dead  load  equals    (3,425  -t  .575)    or   4.00   kips   1   ft. 
of  bridge,    v;hich  is   50.    kips  per  panel  per   truss. 

The   live   load  per   foot   of   truss   equals   the  weight 

of   one   Cooper   E-5C   engine   divided  by   its   length.      Live   load 

equals   177,5     =     5,171   kips   1   ft,   of   truss  s  47.6  kips   1  ;■  anel 

56 
1  truss. 
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LIETHOr   OF   PRCCErUFi: 

The  stresses   S'    in  the  meCibers  v.-ere   calculated  first, 
for  a  load  of  unity  at   the  veiriGus  panel  points.     S'    is 
the  stress  in  a  member  v;hen  the   arch  is   considered  as  a 
simple   trusb,    having   only  vertical   reactiors.      The   stress 
S'    v/as   only  found  for  the   load  unity   at   the  panel  points 
on  the   left   including  the  middle   one,    because   the   stress   in  a 
member   on  the  right   v/ith  the   load  at    a  panel  point   on  tight 
is   the   same   as   that   for   a  corresponding  member   on  the   left 
and  load  at   a  similar  panel  point   on   left.      The  values   of 
S'    for    the   chords   was  found  by  passing   a  section  through 
the  panel   and  taking  moments  about    the  intersection  of  the 
diagonal    and  the   other  chord,    and  for   the  v;eb  mem^ox.,    .,as 
found  by   resolving   about  the   joints.      Then   the   stresses   T 
due   to   a  horizontal   force   unity   acting   outward  at    the   hinges 
was   calculated  for   all  members   of   the   truss.      The  preliminary 
values   of   £'    and  T  are  given  on  Page  -/rlC.      The  values   of   S'TL 
where  L   is   the   length  of  the  member   in  feet,    and  S'    and  T  the 
corresponding    stresses,    were   sumrr.ed  uj:    for   the   different 
positions   of   the   load  unity  giving  the  values^E.    S'TL   ehown  on 
page  T<12.      Then   the  value   of 2.    T^L  v/as   calculated.      In  the 
formula  for  H,    given  on  Tage  v!'4,    the  value   of  E   is   constant 
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and  drops  cut;   L  is  considered  ir.  fset  ir.  stead  of  irchee 
because  the  12  is  also  a  constant  and  the  values  of  A  are 
taken  as  being  equal.   This  gives  an  approxii!.3.te  formula  for 
H,,  which  is  51  S'TL  /21  T^L .   Substituting  in  th:  s  formula 
gives  the  preliminary  values  of  H,,  vvh:ich  are  the  sacie  for 
corresponding  x-anel  points  on  each  side.   Then  the  stress  S  in 
any  r.ernber  due  to  the  load  unity  at  the  different  panel  points 
can  be  found  from  the  equation  S  -   S'-  HT.   The  sum  of  the  ten- 
sile and  compressive  values  of  S  n:ultiplied  by  the  l"jve  panel 
load  £ives  the  live  load  tensile  ?.nd  compreseive  stresses  for 
each  member.   The  sum  of  all  the  values  of  S  for  each  member 
multiplied  by  the  dead  panel  load  gives  the  dead  load  stress- 
es.  Then  the  dead  load  stress  wae  added,  algebraically,  to 
the  live  load  tensile  and  comprese-ive  stresses  including  im- 
pact, giving  a  iuaximum  tensile  ot*  coirpressive  stress  or  b'lth 
for  each  t-embsr ,  From  these  streBses  and  the  specified  unit 
stresses,  the  preliminary  areas  can  be  fo:;nd.   An  excese  in 
area  ehculd  be  given  each  m.em.ber  to  allov?  for  Vvdn  d  and  temper- 
ature stresses.   These  v  dues  of  A   were  ?ubetituted  iri  the 
form.ula   H  =^  ^  -SSllu.  i-^     T^L   -iving  a  more  exact  se:"-. 
of  the  value  of  H.   The  final  valuer  ci  II  were  substituted 
for  H  in  the  formula  S  ^   S'-HT  in  the  same  n.anner  a.6  before. 
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Froa  these  values   and  the   temperatures   stresses   the   final 
maximuKi  tensile   and  compressive   stresses   axe   obtained  for 
each  meirber .        With  these   stresses   and  the  v/ind  stresses 
the   final   areas   can  be  found. 
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Preliminary  values  of  H 


Load  at  A      H  =  25_^5 _   .01124 

3152.36 


Load  at  B      PI  =    789,83      -   .253 

3155.86 


Load  at  C      H  =.   1^04.37      ^  .446 

3155.96 


Load  at  D      H  ^   ^^^'^  -^ ^  ^513 

3155.96 


Load  at  E      H  t=   3ri4.12      -   .707 

3155.96 
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Final  Values  of  H 


Load  at  A      K  t=      '^'^^  ^      .00618 

151 .515 


Load  at  B      H  -    ^^'"^^'^      -  .23^:. 

131.518 


Load  at  C      H  =    ^C,'j'i7  .   .434 

131.518 


T   ^   +  ^      Tj       84.498  p.. 

Load  at  D      H  =  =.  .b-io 

131.518 


Load  at  E      K  =    24  ,GS  ^     .72 

131.518 
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Temperature  Stresses 

The  change  in  length  of  the  span  due  to  a  temperature 
change  of  75°  divided  by  the  horizontal  displacement ^  of 
the  right  hinge  due  to  a  horizontal  force  of  xanity  acting 
outward  equals  the  horizontal  reaction  "H"  caused  by  the 
temperature  change.  Then  the  temperature  stress  in  each 
member  "S"  equals  HT,  where  "T"  is  the  stress  in  each  member 
due  to  the  unit  horizontal  force. 

The  change  in  length  of  span  due  to  a  temperature  change 

of  75°  =  e:l  when 

e,ie   the   coefficient   of  expansion     =     0,000^0065 

t,is   the  riss   in  temperature  ss         75° 

l.ie   the   length  of   the   span  in 

inches  s     ISO  x  12     ^     1440 

.',   etl     =      .CrO  C065     X     75     X     1?C     x     Ic     =      .702   inches 


^     -  -^-AE       "  £,^000,000 


=      .000   0544 


.*.     H       fc             .703  s      IS. 804   kips 
.e00^0544 

Temperature   stress    "S"   tr  HT 

Values   of    "S"    in  kips 

ab     s     17.65                                         AE  ^  7.48 

be     »     24.50                                          EC  =.  22.10 

cd     -     37.80                                          ^E  =  48.30 

de      ^     62.70                                          TF  -  68.60 

Ab     -     14.2                                            Ad  ^  12.05 

Ec      =     19.95                                          ^^fc  -  13. ul 

Cd     »     29.80                                          Cc  t=  13.92 

Le     »     21.95                                         ^'d  =  8.15 

Ee  =  0.0 
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sysy^A^ 


P<yne/     /oac/=        /ooo    -   /O.SO  M/ps,    cons/c/e/^ec^ os moKt/jj, 


A'a^  S0.30    c'D^se.se/    Aa^  j^. 'fss     co=  ss.oe^ 

S'C=  37  7'fS  ^'^'^  /7:97^      SC=    J^.^S3       O£:=73  830 

<7/7ey    0/-e     CO/77JOOSGC/  O/'  S-3^"^3"}(^<'^^/g3 


OES/G/V  OF  /.  OtySR 


sysT£^M 


/oa^cy  = 


yo  oo 


0  x/s 

oo     =  3  0  n//° s^      Co/7 sy'<3^e/-e o^  os/r? of/ncf 

j'  .  _.  _^  ^'  .^ 


wsmmmm 


f'/7  ^oz-y^o/j/o/  yo/c^/7e 


o^c/'  -    39 
/>^=    79 


Cc/  =       a. 38^        Q(^=    ^/.9/ 


c/^    .         S37o 


-3d'''3J(%  o/r^/es 
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'*.  ^.  ^j  >.  ^,   »  ^.  >»•.  ^.   ^. 


z\\^  sd 


V,     Jji      «     ip    ©^     JD 
n     ^      flb     ON     to     ^ 
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F/NAL       Af^BAS. 


Sect/^n                "It^J 

^09 

ah 

43.6J 

42.9 

he 

37.73 

SS.4 

s 

^^      ^ 

r^ 

e"/S''\S6*£s 

3Z.3h 

3f. 

de 

^-ff/^^X/S""/* 

Z9.4a 

28.2 

AB 

a^/ci^zff^r^ 

//.76 

7.2 

BC 

z^/o'xao'^/ls 

/Z64 

/4.92 

CP 

e-'/s^Mss'^rs 

Si?,  5  9 

2^,3 

D£ 

2'ta''X3s*/:s^ 

Zfi.SB 

/9.i>2 

Aa 

Z  -/S^X  3s^/:^ 

2C,S9 

2^.22 

Bh 

e^/s^x^^^ 

^3,sa 

2  AS 

Cc 

a-/o  "xao'^ 

n^^ 

/S,3 

O^ 

S-  9"  X  £5"^ 

M.7 

fS.^ 

Ee 

2  'S^'X^^* 

Jf.rs 

9.5 

Ah 

B-9''XSS'^ 

f2./8 

9.29 

Be 

Z^9*X2^^ 

/^Jff 

9.24 

Cd 

^-/^'XSS"^ 

/Z/f-6 

//.95 

Pe 

2-  /S"X4^'^ 

23.5  Z 

S2.4-6 

.■'•    ' 


resign  cf  pway.  Brj.cin| 
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The  stress  due  to  wii-id  is  t.ranen.itted  through 
the  U|j  er  and  lower  latteral  syetenjs  to  the  end.  From 
there  it  is  carried  by  the  end  eway  bracing  to  the  leeward 
abutment.   Four  panel  loade  from  the    -^ 
upper  and  lower  latteral  systen.s  are 
coneidered  as  being  apr.'lied  at  "A" 
and  "a"  respectively.   The  stresses 
in  the  nienibers  are  found  by  taking 
moments  about  the  joints*  Because 
of  the  relative  dime ne ions  of  the 

rectangle^  it  is  divided  into  t.-;o  panels  as  shown  in  fi^:re. 
A  vertical  reaction  is  product-'  "  a<  which  is  found  by  taking 
moments  of  the  external  forces  about  "a".  T'-is  force  causes  a 
stress  in  the  vertical  A'-a',  The  sway  bracing  at  panel  points 
"B"  and  "C"  is  composed  of  one  panel  each.  Owing  to  the  depth 
of  the  truss  of  T  and  E,  no  sway  bracing  is  placed  there.  The 
stresses  in  the  intermediate  braces  are  nondnal  . 


Aa  »  36'      AA'   =  IS' 
Load  at  a  =  12  kips 


Load  at  A  a  4c  kips 
?.  s:  SS»75  kip 3 


AA'     =    — ir.o 
A'N     ^     foS.l 

M'      ^     -42.C 


Stresges   in   kipj 

IT' a  ^  t65,l 

aa'  »  -54,0 

a'r'  =  -9&.75 
resign 


NN»      use   2  -  5"   X  3"   :c  1"    an -lee 

16' 

dd'         "      ti  -  5"   X  o"   X  V^       " 

2 

ria^cnals,    u^e  £  -  4"   x  5"   x  3" angles 

Intermediate   diagonals 

use   2  -  3^-"   x  3"   ;:  S,"    angles 
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y. 


— -—^ 


..>d, 


I      _  I 


t 
I       1 


_         _  I 


V'_ 


•I  1 


'  .       _ 


i2Z 
TeB if,n  of   Striiigere 


Panel   length  »  15 '-C" 

Stringers   are   spaced  8'-C"      C-  C. 

Dead  load   due   to  ties   and  rails  b     288  Tj.l   lined  ft, 

read  load  due  tc   stringer  •     140  <il 

Total   dead   load       =     4£8  "/,-l 


■-'.  T  It  II 


and 


Kaxinium   dead  load  mon.ent  =.     13,5CC  ft, lbs 

"  live        "  "  =  170, 30:  "      " 

Impact         e  IGl.eOS  "      •' 

Tct-1   bending  n.o:,  ent  «   345,410  "      " 

Haxirnijiiii  dead   load  end  shear  w  3370  {- 

"          live        "        "           "  =  52400  t 

Imjiact  e  4 £7  SO  (, 

Total   end  shear  »  105550  i' 

Required  flange   area     ^  1?.61   s...in,    ^.nd  actual   flange 

area  equals   IT, 96   sq.in.  ^ 

The   stringers   are_coii,po8ed  of   four   angles   6"   :■:   5"   x  ^" 

one  plate   23-ii"   x  -^". 
The   depth  back  to   lack' of   angles   equals   24", 
The   til^et  pitches   froR  the    end  to  cjidc'le   of   stringer   are   as 
follows:    3'0"   of   2-i-";    2'-C"    of   3"    .nd  l»-6"   of   4",    _ nd 
l'-4-^"    of  5 "spaces 

resign  of  Floor  Beam 

Length  of   floor  be.?j".   e-.^Jals   16'-C" 

Dead  load  reaction       -        6740. # 

Live      "  "  =.     70058. ?i^ 

Impact  =     oG510.# 

Total    reactionsl45306,t 

Liaxiffiuifi  bending  mcijient  a.  57323?   ft,    lbs, 

Th£    section   is   coniposed  of   four   angles,    6"   x   6"  x  5-"   and 

one  plate   37^"   x  i"  , 
The   distance  back  to  back  of   angles   equals   38". 
The   rivet    aracing  from   end    '"O   center   is   as   follows: 

4'-0"  of  a!^  inch  :,nd  4»-0'"  . 

resign  of  Pin  at  I_U nge 

Shear  =   333.5  kips 

Required  area  for  shear  s  27,7  sq.  in. 
Use  a  7"  pin 

Requited  bearing  =  1.S75" 
Use  -4"  gusset  plates. 
Actual  bearing  =  200" 
Use  2"  pin  plates  en  shoe. 

Bending  n.oment  a  688.  in  kips  ^qp   «-, 

Required  bearing  area  of  shoe  for  vertical  pressure  ^   89C  eq, 
and  for  horizontal  pressure  a  55S  eq.  in. 
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^/■/W  /' s-x^eiir 


jeo  ft:  Oil,    C.-C  of  Pins 


s-x/eTfi'  ^£-/o-x3<i'a  /-^'■"■"ti-rA         .i-mm-.ief'-i' 


p/f:  /-yk'^-gi'^f 


/-m3<-o;/±elf'£ 


ARMOUR     INSTITUTE  OF  TECHNOLOGY 
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THESIS 


I20FT.  TWO  HINGED 
SPANDREL  BRACED  ARCH 


SCALES 
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DES/G/V   or    SHOE 


DETAILS  OF 
/aor-T   T-a^O  H/NGED 
SPAND/REL  BRACED  AMCN 


■'W, 


'"^',.  >., 


